Breeding background
Inca-no-mezame is a diploid potato variety that was released in 2001 and bred for extensive use; it is characterized by a yellowish-orange flesh and a very high carotenoid content (Umemura et al. 1996 , Ishii et al. 1999 . Carotenoids are present in many red and yellow vegetables and fruits, and they add color to food preparations and are important dietary sources of vitamin A. They also perform functions such as antioxidation (Mascio et al. 1989) , and they possibly prevent cancer (Mathews-Roth et al. 1991) and intermediate agerelated macular degeneration (Moeller et al. 2006) as well as modulate immunologic responses (Mathews-Roth et al. 1991) . The carotenoid content of Inca-no-mezame tubers is 530-741 µg/100 g fresh weight (Ishii et al. 1999) . The main carotenoid in Inca-no-mezame tubers has been identified as zeaxanthin, which accounts for approximately 40% of the total carotenoid content, and the strong antioxidant activity of Inca-no-mezame tubers has been demonstrated (Ishii et al. 1999) . In addition to its high carotenoid content, Inca-nomezame is noteworthy for its chestnut-like nutty flavor and pleasant taste (Umemura et al. 1996) . Nonetheless, Inca-nomezame has certain limitations. The average weight of an Inca-no-mezame tuber is 50 g, which is considerably lower than that of tetraploid potato varieties such as Irish Cobbler (Japanese name: Danshakuimo). Furthermore, the marketable yield of Inca-no-mezame is also markedly lower. However, the demand for Inca-no-mezame in the market is high, and the development of a potato variety with the same characteristics as those of Inca-no-mezame has been long awaited in order to expand the potato market. In the present study, we developed a new potato variety with yellowish-orange flesh and a very high carotenoid content.
Breeding process
The Inca-no-hitomi variety was initially designated as W952202-13, renamed as Kachikei 5, and then finally designated as Hokkai 93. This clone was selected from the progeny of open-pollinated Inca-no-mezame seeds. The complete pedigree is given in Figure 1 . Inca-no-mezame is a diploid hybrid derived from a cross between 2 lines: W822229-5 (a cross between haploid Solanum tuberosum ssp. tuberosum cv. Katahdin and S. phureja) and P10173-5 (a cross between 2 haploids of S. tuberosum ssp. andigena). In 1996, the seedlings were grown in a greenhouse, and in the following 2 years (1997) (1998) , selection was conducted in a field at Memuro in Hokkaido, based on the yellowish-orange flesh color and general agricultural characteristics. During the 1999-2000 period, a preliminary yield trial was conducted, followed by a 5-year yield trial. *,**,*** Significant at the 5%, 1% and 0.1% levels, respectively.
haulm length were significantly different between both years and varieties. Plant emergence occurred slightly later in Inca-nohitomi than in Inca-no-mezame (Table 2 and Table 3 ). Maturity was classified as "moderately early," and senescence occurred 2 weeks later than that in Inca-no-mezame and a few days to 1 week later than that in Irish Cobbler. The haulm length of Inca-no-hitomi was almost equal to that of Incano-mezame and 15 cm longer than that of Irish Cobbler (Table 2 ). In Inca-no-hitomi, the number of main stems per hill was slightly greater than that in Irish Cobbler and fewer than that in Inca-no-mezame. Furthermore, the number of tubers per hill was greater than that in Irish Cobbler and almost equal to that in Inca-no-mezame. The growth habit was spreading to semi-erect, and the stems were red-violet. The leaves were dark green, and the flowers were red-violet. The number of flowers was classified as few. Open-pollinated berries were seldom produced in the field. The tubers were oval to round-oval, and the flesh was yellowish-orange (Fig. 2) . Inca-no-hitomi exhibited spectacled tubers, and the skin color around the eyes was yellow, whereas the remainder was light red. The tuber eyes were shallow.
The total yield of Inca-no-hitomi was 111% of the Incano-mezame yield and 84% of the Irish Cobbler yield. Its marketable yield was 128% of the Inca-no-mezame yield and 48% of the Irish Cobbler yield (Table 3 ). The average weight of a tuber was 51 g, which was nearly equal to the 48 g value of Inca-no-mezame and less than the 85 g value of Irish Cobbler. The weight distribution of tubers was as follows: 5%, less than 20 g; 50%, 20-59 g; 37%, 60-119 g; and 8%, more than 120 g. The susceptibility of Inca-no-hitomi to internal necrosis was slightly higher than that of Inca-no-mezame and similar to that of Irish Cobbler. Inca-no-hitomi showed a better response to hollow hearts than Inca-no-mezame and Irish Cobbler. It also showed a good response to second growth, similar to that shown by Inca-no-mezame. The starch value of Inca-no-hitomi was 16.8%, which was 1.5 point lower than that of Inca-no-mezame and nearly the same as the 16.5% value of Irish Cobbler. The duration of its dormancy period was 48 days, which was considerably shorter than the 101 days of Irish Cobbler. Thus, harvested tubers should be stored at low temperatures as soon as possible to prevent sprouting. The total glycoalkaloid content of Inca-no-hitomi (2004) were assessed. The potatoes were sliced to a thickness of 1 mm by using a slicer and were extracted with 99.5% ethanol overnight at 4°C. Analytical high performance liquid chromatography (HPLC) was carried out on a Luna C18 column (3.00 mm I.D. × 250 mm, Phenomenex, USA) using an isocratic elution in Acetonitril-Methanol-Ethylacetate (88 : 10 : 2, V/V), at a flow rate of 1.0 ml/min at 30°C. Carotenoid composition and concentration were determined based on the HPLC peak area recorded at 430 nm. Zeaxanthin was identified as the main pigment of the carotenoids in Inca-no-hitomi tubers, as in the case of the Inca-no-mezame tubers (Table 4 ). In addition, lutein and other carotenoids, which were assumed to be violaxanthin and its isomer, β-carotene, etc., were also detected in Inca-no-hitomi. The total carotenoid content of Inca-no-hitomi and Inca-no-mezame varied from year to year, even though that of Inca-no-hitomi (2004 Inca-no-hitomi ( -2006 was 567 µg/100 g fresh weight, a value which was approximately the same as the 502 µg/100 g fresh weight of Inca-nomezame, and approximately 4 or more times higher than that of the tubers of the yellowish tetraploid potato variety, Kitaakari, while drastically higher than that of the tubers of the white potato variety, Irish Cobbler (Table 4) .
In 2004, the fructose, glucose and sucrose contents of the tubers were determined. After the harvested tubers were cured for 2 weeks at 18°C in the dark, they were stored for 4 months at 4°C and 10°C under a 80% relative humidity. The fructose, glucose and sucrose contents of Inca-no-hitomi at 2 weeks after curing were 0.71, 0.87 and 1.53 mg/g fresh weight, respectively (Table 5) . When the tubers were stored at 10°C for 4 months, the sugar contents increased to some extent, while, when stored at 4°C, the contents increased remarkably, the fructose, glucose and sucrose contents of the tubers being 4.48, 5.65 and 11.18 mg/g fresh weight, Carotenoids were extracted from the tubers in 99.5% ethanol overnight at 4°C, and the contents were determined by HPLC.
respectively. During the storage at 4°C, the following 3 changes occurred in the sugar contents: (1) the levels of reducing sugars increased during the storage period, (2) the levels of reducing sugars were low throughout the storage period; and (3) the level of sucrose but not those of reducing sugars increased (Matsuura-Endo et al. 2004) . During the low-temperature storage of Inca-no-mezame tubers, the content of sucrose but not those of reducing sugars continued to rise (Matsuura-Endo et al. 2004) . In contrast, in the Irish Cobbler tubers, the contents of reducing sugars but not that of sucrose continued to increase during the low-temperature storage (Matsuura-Endo et al. 2004) . Interestingly, in this experiment, the total reducing sugar content of the Inca-nohitomi tubers after low-temperature storage was higher than that of Inca-no-mezame (4.43 mg/g fresh weight) and similar to that of Irish Cobbler (11.74 mg/g fresh weight) ( Table 5 ).
The sucrose content of Inca-no-hitomi tubers was similar to that of Inca-no-mezame tubers (11.19 mg/g fresh weight) and higher than that of Irish Cobbler (2.31 mg/g fresh weight) tubers. Therefore, based on the increased levels of both reducing sugars and sucrose after low-temperature storage, Inca-no-hitomi may be classified into another type distinct from the 3 types of changes in the sugar contents listed above. Sensory panel tests were conducted from 2002 to 2005 to evaluate the quality of cooked tubers (Table 6 ). The flesh was yellowish-orange, and the tubers were almost free from darkening after cooking, unlike in the case of Irish Cobbler. After boiling, Inca-no-hitomi tubers tended to slough as much as both Inca-no-mezame and Irish Cobbler tubers. Boiled Inca-no-hitomi tubers displayed a pleasant taste and a nutty flavor like that of Inca-no-mezame. Inca-no-hitomi was somewhat suitable for cooking with oil.
Disease evaluation
Inca-no-hitomi showed a medium-level resistance to common scab (Streptomyces turgidiscabies). In a field infested with common scab, 94% of the tubers showed the corresponding symptoms, which was equal to that of the susceptible variety Inca-no-mezame, and similar to that of the susceptible variety Irish Cobbler (100%). The disease index of each tuber was rated based on a 0 to 4-point scale, where 0 = no visible lesions and 4 = severe incidence of scab lesions. The disease severity was calculated using the following formula: [Σ (score of disease index × number of tubers)/(4 × total number of tubers) × 100]. The value of the disease severity of Inca-no-hitomi was 14.3, which was lower than the 36.4 value of Inca-no-mezame and 48.9 value of Irish Cobbler. Thus, the level of resistance of Inca-no-hitomi to common scab was classified as "medium." Inca-no-hitomi was susceptible to the pathotype Ro1 of the golden nematode (Globodera rostochiensis), potato virus Y and foliage blight caused by late blight (Phytophytora infestans). However, the tubers were relatively resistant to rot caused by late blight and soft rot (Erwinia carotovora ssp. Carotovora), compared to Inca-no-mezame and Irish Cobbler, which were rated as susceptible.
The agronomic performance of Inca-no-hitomi was better than that of Inca-no-mezame, and the cooking quality was also high. This variety is particularly noteworthy for its high carotenoid content and chestnut-like nutty flavor, similar to those of Inca-no-mezame. Furthermore, the external appearance of its tubers was characteristic. We expect that Inca-no-hitomi will contribute to the development of new uses for potatoes and the expansion of potato consumption.
